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We sought to determine the relationship between virus-mediated CD4� T-lymphocyte cytopathicity and viral
coreceptor preference among various human immunodeficiency virus type 1 (HIV-1) subtypes in an ex vivo-
infected human lymphoid tissue model. Our data show that all R5 HIV-1 infections resulted in mild depletion
of CD4� T lymphocytes, whereas all X4 HIV-1 infections caused severe depletion of CD4� T lymphocytes
regardless of their subtype origin. Thus, at least for the viruses within subtypes A, B, C, and E that were tested,
coreceptor specificity is a critical factor that determines the ability of HIV-1 to deplete CD4� T cells in human
lymphoid tissue infected ex vivo.

The ever-increasing magnitude of the human immunodefi-
ciency virus (HIV)-AIDS pandemic has been paralleled by an
increasing number of viral subtypes. To date, at least 10 dif-
ferent genetic HIV type 1 (HIV-1) subtypes (A to J) have been
identified (12, 16), each with a unique geographical pattern of
distribution. For example, subtypes A, C, and E are the pre-
dominate subtypes in sub-Saharan Africa and central and
southeast Asia, while subtype B has been associated with
HIV-1 epidemics in North and South America and Europe
(12). Most of our present understanding regarding HIV-AIDS
pathogenesis and the underlying mechanisms of HIV-medi-
ated cytopathicity has been derived from studies focused on
subtype B viruses. However, investigations of subtype A, C, D,
and E viruses, which are associated with the overwhelming
majority of HIV-AIDS cases globally, have been comparatively
lacking.

In a significant proportion of subtype B infections, viral
quasispecies evolution is phenotypically evident in a shift in
coreceptor usage usually from CCR5 to CXCR4 (4, 17, 18).
This shift in coreceptor preference has been associated with a
rapid decline in CD4� T cells in vivo as well as with an increase
in the ability of the virus to deplete CD4� T lymphocytes ex
vivo (4, 6, 11, 18). Although this coreceptor switch has been
evident among subtype B infections, a relative lack of CXCR4-
utilizing strains among non-B subtypes has been noted, despite
aggressive progression of disease (1, 2, 14, 19). Given these
observations, we sought to determine whether the observed
dichotomy in cytopathicity between CCR5- and CXCR4-utiliz-
ing strains, widely reported among subtype B isolates, was
consistent across other HIV-1 subtypes. For this purpose, we

utilized a well-defined system of ex vivo-infected human lym-
phoid tissue that supports productive HIV-1 infection without
the addition of exogenous cytokines or immunomodulators (5).

Matched blocks of human tonsillar tissue were infected ex
vivo as described earlier (4, 10) with a panel of primary X4 and
R5 HIV-1 isolates of subtypes A and E; R5 variants of subtype
C; and prototypic X4 and R5 variants of subtype B. Primary
isolates RW023, RW008-REI, UG92031 and UG92029 (sub-
type A), THA001, CMU006 and CMU002 (subtype E), and
931N101 and 301905 (subtype C) were obtained through the
National Institutes of Health AIDS Reagent Program with
their coreceptor specificities as reported by contributors.
SF162 and LAV.04 were chosen because their behavior in ex
vivo tissue is typical for R5 and X4 isolates, respectively. For
infection, each block was inoculated with 7 to 10 �l of viral
suspension. Normalization of viral infection was based on p24
measurements of the stocks, since the titration performed on
peripheral blood mononuclear cells does not faithfully reflect
viral infectivity for ex vivo tissues.

All of the HIV-1 subtypes tested in this report were able to
productively infect human lymphoid tissue ex vivo as assessed
by monitoring p24 in the culture medium. Infection kinetics
were similar to those described for HIV-1 subtype B viruses in
this system (5, 9). In ex vivo tissues, viral replication became
evident starting approximately on day 6 after infection and
continued until the end of the experiment. The maximal level
of viral replication in experiments with tissues from different
donors was observed between days 9 and 12. The amount of
supernatant p24 varied between 11.0 and 56.0 pg per tissue
block. Overall, we observed no relationship between the max-
imal level of viral replication and either coreceptor usage or
viral subtype. However, we did observe a strong correlation
between viral coreceptor usage and CD4� T-lymphocyte de-
pletion across all subtypes tested (Fig. 1). We utilized the
CD4�/CD8� T-cell ratio as a measure for CD� T-cell deple-
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tion, since as shown earlier for subtype B viruses, there is no
significant difference in the number of CD8� T cells between
infected and control (uninfected) tissue blocks (7). To confirm
this for non-B subtypes, we infected histoculture tissue with
three different viruses (UG92029, CMU006, and CMU002);
the average number of CD8� T cells was not statistically dif-
ferent from uninfected controls (P � 0.95), whereas CD4� T
cells were significantly depleted (P � 0.05).

Subtype B. As previously reported (4, 10) and confirmed in
the present work LAV.04, a prototypic CXCR4-utilizing iso-
late, depleted about 90% of CD4� T cells in ex vivo-infected
human lymphoid tissues. In contrast, SF162, a prototypic
HIV-1 R5 isolate, depleted about 20% of CD4� T cells.

Subtype A. Ex vivo tissue infection with three R5 isolates,
RW023, RW008-REI, and UG92031, resulted in depletion of
approximately 15, 25 and 10% of CD4� T cells, respectively. In
contrast, X4 isolate UG92029 depleted approximately 80% of
CD4� T cells.

Subtype E. Ex vivo tissue infection with an R5 isolate,
THA001, resulted in approximately 30% depletion of CD4� T
cells. Two X4 isolates, CMU006 and CMU002, caused 90 and
70% of CD4� T-cell depletion, respectively.

Subtype C. Ex vivo tissue infection with two R5 isolates,
931N101 and 301905, resulted in depletion of approximately 15
and 5% of CD4� T cells, respectively. Our data show that all
R5 HIV-1 infections resulted in mild depletion of CD4� T
cells, whereas all X4 HIV-1 infections caused severe depletion
of CD4� T cells as measured by the decrease of the CD4�/
CD8� T-cell ratio, irrespective of their subtype origin.

Thus, at least for the viruses within subtypes A, B, C, and E
that were tested, coreceptor specificity was a critical factor that
determined the ability of HIV-1 to deplete CD4� T cells in
human lymphoid tissue infected ex vivo. The differential patho-
genicity of X4 and R5 HIV-1 variants could be explained by
the difference in the amount of cognate targets for these vi-
ruses in human lymphoid tissue (8). Whereas about 80% of
CD4� T cells in tonsil histocultures express CXCR4, less than
10% express CCR5 (8). However, this difference in the amount
of the cognate T-cell targets does not correlate to lower pro-
duction of R5 viruses, probably because other cellular reser-
voirs may contribute to viral production. For example, using
the tonsillar histoculture system, tissue macrophages were
more readily infected by R5 than by X4 viruses (9).

Progression to AIDS in vivo does not necessarily involve a
switch in coreceptor usage from CCR5 to CXCR4 (15). Pre-
vious studies have reported that even in approximately 50% of
subtype B-infected individuals, disease progression is not as-
sociated with a coreceptor switch (4, 11). However, our results
do not address the various hypotheses that could account for
the relative lack of CXCR4-utilizing strains of HIV-1 among
the various non-B subtypes and even among subtype B infec-
tions that progress to AIDS in the absence of CXCR4-utilizing
strains. For instance, it is possible that in those individuals who
evidenced no coreceptor switch, increasingly cytopathic R5
variants evolve during disease progression. Second, host fac-
tors and the duration of infection may also play significant
roles in the emergence of CXCR4-utilizing strains (10, 17). In
this regard, individuals infected with HIV-1 subtype C may
have a shorter time course to advanced disease, resulting in
decreased intrahost evolution of viral quasispecies. Host envi-
ronmental issues could also play a significant role in determin-
ing coreceptor utilization due to persistent immune activation,
which could result in an increased CCR5 expression on CD4�

T lymphocytes (3). This would increase the availability and
susceptibility of CD4� T-cell targets in vivo to R5 viruses and
thus might provide a selective advantage for R5 strains (10,
13). Further studies of primary isolates obtained from well-
characterized, non-B infected cohorts would help in testing
these hypotheses.

In conclusion, although a coreceptor switch from CCR5 to
CXCR4 may not be necessary for disease progression, partic-
ularly in non-B HIV-1 subtype infections (such as subtype C),
CXCR4 viruses are nonetheless associated with increased vi-
rally mediated CD4� T-lymphocyte cytopathicity regardless of
viral subtype and may help to explain the more rapid disease
course in infected individuals harboring these strains.
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